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STUDIES  IN  COMPLEFiEHT  SPLITTING 

WITH  SPECIAL  REFERENCE  TO  THE  ACTIVATION 

OP  YEAST  ABSORBED  AITD  COI.IPLELvENT  DEFICIiiNT 

GUINEA  PIG  SERmi 


INTRODUCTION 

In  1907  Perrata  (11)  demonstrated  that  guinea 
pig  servim  which  had  been  freed  from  salts  by  dialysis 
against  r-unning  water  was  not  effective  in  hemolytic  re- 
actions. He  further  demonstrated  that  the  serum  frac- 
tions, obtained  by  centrifuging  the  precipitate  of  glo- 
bulins from  the  fluid  or  albumins  of  the  serum,  were  in- 
active in  themselves.   The  complementing  activity,  how- 
ever, was  restored  when  the  two  v/ere  mixed,  for  the  mix- 
ture was  potent  in  hemolytic  reactions.   He  attribtited 
his  results  to  the  "splitting  of  complement"  during  the 
process  of  dialysis,  for  he  was  able  to  show  that  the 
amboceptor  becam.e  bound  to  the  red  cells  during  the  re- 
action.    Sachs  and  Teruuchi  (52)  in  the  sam.e  year, 
had  failed  to  obtain  hemolysis  Y/ith  complement  which 
had  been  diluted  v.-ith  distilled  water.    They,  however, 
explained  their  results  in  terms  of  an  enzyme  which  they 
assumed  to  be  active  only  in  solutions  of  lov/  salt  con- 
centration. 
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Other  workers  imraediately  siezed  upon  the  work 
of  Ferrata  in  an  atter.pt  to  determine  the  constitution  of 
complement.   Brand  (2)  as  v/ell  as  Hecker  (15)  confirmed 
his  work  for  the  most  part  and  added  certain  nev/  facts. 
Brand  was  able  to  shov/  that  the  globulin  portion  of  the 
serum  became  bound  to  the  sensitized  cells  before  the  al- 
bumin portion.   Follov/ing  Shrlich's  conception  he  called 
the  globulin  fraction  the  "midpiece"  and  the  alburiin  frac- 
tion the  "endpiece"  of  complement.   That  is,  the  globulin 
and  albmnin  fractions  of  complement  stand  in  the  same  re- 
lation to  amboceptor  as  do  amboceptor  and  complement  to 
the  antigen.   This  terminology  has  met  with  ill  defined 
objections  from  some  workers,  but  since  it  is  used  through- 
out all  the  literature  and  no  other  has  been  suggested  to 
take  its  place,  it  v/ill  be  used  in  this  paper. 

Several  investigators  v/ho  followed  Ferrata  and 
Brand  found  that  dialysis  was  for  many  reasons  an  unsat- 
isfactory method  of  splitting  complement.   Other  methods 
v/ere  then  devised,  the  most  important  of  which  were  the 
Sachs  and  Altroann  HCl  Method  (30)  and  the  Liefmann  CO2 
Method  (22).  All  the  methods  except  the  latter  split  the 
complement  so  that  the  midpiece  contains  the  globulins 
of  the  serum  and  the  endpiece  the  albumins,  when  the  sepa- 
ration is  complete.   The  Liefmann  method  produces  a  mid- 


piece  T/hicli  contains  the  euglobulins  and  a  small  portion 
of  the  pseudo globulins,  and  an  endpiece  which  contains 
the  bulk  of  the  pseudoglobiilins  and  the  albumins  of  the 
serum,  due  to  the  property  possessed  by  the  CO2  gas  of 
splitting  the  pseudoglobulins.   In  1914  Browning  and 
Llackie  (5)  carried  the  work  further  and  reported  methods 
of  splitting  complement  into  three  and  four  pieces.  In 
this  work  they  made  use  of  the  fact  that  it  is  possible 
to  salt  out  the  various  proteins  of  the  serum  by  means 
of  a  saturated  solution  of  (1^114)2304. 

The  many  problems  presented  by  the  possibility 
of  splitting  the  complement  have  been  the  object  of  care- 
ful experiment  by  many  different  workers,  although  if  one 
examines  the  literature  it  will  be  seen  that  almost  no 
T/ork  has  been  done  in  this  field  during  the  past  ten  years, 
As  a  result  of  the  vast  amount  of  research  done  from  fif- 
teen to  twenty  years  ago,  and  the  contradictory  results 
obtained,  the  whole  field  has  been  left  in  a  state  of 
great  confusion.   Tlie  aim  of  the  present  work  has  been  to 
review  and  repeat  the  v/ork  of  the  most  important  of  these 
workers  and  to  re-evaluate  their  clairas.   In  light  of 
these  claims  we  propose  to  present  certain  new  facts  in 
connection  vj-ith  guinea  pig  complem.ent  which  has  been  rcH- 
dered  inactive  v/ith  yeast,  and  v/ith  fresh  guinea  pig  ser- 
um from  the  complement  deficient  guinea  pig,  an  animal  in 


which  a  component  of  complement  is  naturally  missing. 

EXPERIIEHTAL 
In  all  of  the  follov/ing  experiments  the  guinea 
pig  complement  was  collected  from  several  pigs  by  cardiac 
puncture  and  pooled,  and  the  blood  allowed  to  clot.   The 
clot  was  broken  up  very  thoroughly  and  the  serijun  centri- 
fuged  off  iimiiediately.   The  sensitizer  was  obtained  by 
cardiac  puncture  from  rabbits  that  had  been  injected  with 
washed  sheep  cells.   This  sensitizer  v/as  inactivated  at 
56°  C.  for  30  minutes.   Several  such  sensitizers  of  vary- 
ing titres  were  used  during  the  cotirse  of  the  experiments, 
5  units  of  each  in  0.1  cc.  dose  being  the  amount  employ- 
ed.  The  sheep  cells  v/ere  collected  in  citrate  and  wash- 
ed in  large  amounts  of  isotonic  salt  solution  four  times. 
The  unit  of  cells  used  in  all  experiments  was  0.1  cc.  of 
a  1  in  4  dilution  in  terms  of  whole  blood.  All  readings 
were  made  immediately  after  incubation  and  in  terms  of 
complete  hemolysis. 


Splitting  of  Guinea  Pig  Complement 
into  Two  Pieces 


Liefmann  Fethod  (22);  A  given  amount  of  comple- 
ment is  diluted  v/ith  four  volumes  of  distilled  v/ater,  mak- 
ing a  1  in  5  dilution  of  the  original  seruj^i.  A  few  drops 
of  capryl  alcohol  are  added  to  prevent  the  foaming  of  the 


servun  when  the  CO2  gas  is  passed  through.   The  gas,  from 
a  tanlc  -ander  pressure,  is  passed  through  the  diluted  ser- 
um from  15  to  20  minutes  at  moderate  speed.   This  time  is 
sufficient  for  as  complete  a  precipitation  of  the  globu- 
lins as  possible.   The  precipitate  thus  formed  is  immedi- 
ately separated  by  centrifuging  and  the  clear  supernatant 
liquid,  v/hich  retains  the  original  color  of  the  serum, 
poured  off  through  a  hardened  filter  paper  to  remove  all 
traces  of  the  precipitate.   This  supernatant  liquid,  or 
endpiece  of  coPiplement,  is  made  isotonic  by  the  addition 
of  the  required  amovmt  of  sodium  chloride  crystals.   The 
precipitate,  or  midpiece  of  com.plement,  is  immediately 
washed  three  tim.es  with  large  airounts  of  distilled  v/ater, 
and  stirred  up  thoroughly  each  timie  before  centrifiiging. 
The  midpiece  is  then  dissolved  in  isotonic  sodium  chlo- 
ride in  an  am-ount  equal  to  that  of  the  original  diluted 
serum.   !:id  piece  and  endpiece  are  therefore  both  obtain- 
ed in  dilutions  of  1  in  5.   The  midpiece  dissolves  only 
after  15  to  20  minutes.   Despite  the  fact  that  it  is 
stirred  frequently  the  solution  remains  somewhat  cloudy. 
Kiss  i.Iethod  (20) ;   A  modification  of  the  Lief- 
manii  CO2  method,  v/hich  was  sometim.es  used,  is  that  de- 
scribed by  Kiss.   Instead  of  diluting  the  serum  with  dis- 
tilled water  it  is  diluted  with  distilled  water  that  has 
been  saturated  with  COp  gas.   This  process  is  believed 
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to  cause  less  injury  to  the  coraplement.   The  precipitate 
formed  is  centrlfugecl  off  innediately  after  dilution  v/ith 
the  v/ater  satui-^ated  with  COg.  V;e  find  that  v/hen  the  com- 
plement is  subjected  to  this  method  the  precipitation  is 
not  always  complete  and  an  endpiece  is  frequently  obtain- 
ed T/hich  is  hemolytic  in  itself. 

Modification  of  the  TV;o  Methods:   Since  the  di- 
lution with  distilled  water  has  been  shown  by  some  work- 
ers to  have  a  harmful  effect  on  comiplement,  and  since  the 
Eiss  method  in  itself  is  not  entirely  satisfactory,  the 
follov/ing  modification  v/as  used  in  many  experiments.  Af- 
ter adding  the  water  saturated  v/ith  COg  the  gas  is  allow- 
ed to  pass  through  the  solution  for  from  five  to  ten  min- 
utes in  order  to  instire  complete  precipitation.   The  re- 
ffiainder  of  the  procedure  is  identical  with  that  described 
under  the  Liefm^nn  method.   The  COg  gas  has  the  property 
of  splitting  the  pseudoglobulins  of  the  seraur.,  and  there- 
fore the  midpiece  contains  the  euglobulins  and  a  small  por- 
tion of  the  pseudoglobulins,  v/hile  the  endpiece  contains 
the  bulk  of  the  pseudoglobulins  and  the  albumins. 

Both  the  Liefmann  and  the  modified  methods  Virere 
used  in  carrying  out  our  e:cperimients  and  there  was  practi- 
cally no  difference  in  the  end  results  obtained.   Under 
no  circ^junstances  was  an  endpiece  or  a  miidpiece  obtained 
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which  v/as  hemolytic  in  itself  in  a  1  in  5  dilution. 

Experimental;  Protocol  I,  a  and  b,  are  those 
used  in  deteririning  the  hemolytic  activity  of  the  two 
pieces  when  mixed.   These  v;ere  allowed  to  stand  togeth- 
er ten  minutes  or  more  before  setting  up  the  protocols. 

Protocol  I 

Type  used  in  determining  the  activity  of  comple- 
ment after  splitting  with  CO2. 

a      Tubes  12345678 

Sensitizer    0.1  0.1  0.1  0.1  0.1  0.1  0.1  0.1 
5  Units 

Kidplece(l-5) 
^Endpiece(l-5)  0.8  0.7   0.6   0.5  0.4  0.5   0.2   0.1 

Salt  Solution  1.0   1.1   1.2   1.3  1.4  1.5  1.6   1.7 

Incubate  20  minutes  at  37*^C. 

Sheep 

Cells(l-4)     0.1   0.1   0.1   0.1   0.1   0.1   0,1   0.1 

Incubate  60  minutes  at  37°C. 

b      O^bes  12345678 

Sensitizer 

5  Units       0.1   0.1   0.1   0.1   0.1   0.1   0.1   0.1 

Sheep 

Cells(l-4)     0.1   0.1   0.1   0.1   0.1   0.1   0.1   0.1 

Salt  Solution  1.0  1.1   1.2  1.5  1.4  1.5  1.6   1.7 

Incubate  20  m.inutes  at  37°C . 

i:idpiece(l-5) 

Endpiece)l-5)  0.3  0.7   0.6   0.5   0.4  0.5  0.2   0.1 

Incubate   60  mjinutes  at  o7°C . 
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Table  I  shows  the  results  of  tv/elve  experiments 
taken  at  random  from  the  many  made. 

Table  I 

This  table  shov/s  the  titre  of  com.plement  before 
and  after  splitting  with  COg. 


No. 

Titre  of  Complement 
before 
Splitting 

Titre  of 

after 

Cells 

Added 

Last 

'  Complement 

Splitting 

"Sensi- 

tized 
Cells 

1 

1-200 

1- 

60 

1-  60 

2 

1-200 

1- 

50 

1-  50 

3 

1-200 

1- 

60 

1-  75 

4 

1-200 

1-: 

100 

1-100 

5 

1-135 

1- 

35 

1-  40 

6 

1-125 

1- 

50 

1-  50 

7 

1-  80 

1- 

50 

1-  40 

8 

1-160 

1- 

30 

1-  33 

9 

1-115 

1- 

50 

1-  45 

10 

1-115 

1- 

50 

1-  25 

11 

1-200 

1- 

50 

1-  60 

12 

1-110 

1- 

50 

1-  50 

The  above  table  shov/s  that  there  is  a  decided 
loss  in  the  activity  of  complement  when  it  is  split  with 
CO2.   The  average  titre  of  the  comjplement  before  splitting 


in  these  twelve  cases  is  1-153.   The  average  titre  after 
splitting  v/hen  the  cells  are  added  last  is  1-53,  while 
when  sensitized  cells  are  used  it  is  1-52.   The  comple- 
ment has  therefore  lost  abotit  two-thirds  of  its  activity. 
Bratm  (3)  stated  that  in  his  work  on  the  splitting  of 
guinea  pig  complement  v/ith  CO2  the  loss  of  activity  was 
from  one-third  to  one-half.   In  our  experiments  the  loss 
of  complement  activity  was  never  as  lov/  as  one-third. 

It  is  seen  from  table  I  that  it  makes  very 
little  difference  in  the  end  results  whether  the  cells 
are  added  last  or  sensitized  cells  are  used.   Slight 
differences  occur  but  they  may  be  in  one  direction  or 
the  other  v/ithout  any  seeming  regularity.   The  table  shows 
no  correlation  between  the  original  titre  of  the  seruiii 
and  the  titre  after  fractioning. 

Brand's  Modification:   In  determining  the  ex- 
act conditions  under  which  hemolysis  takes  place  when 
midpiece  and  endpiece  are  mixed,  the  follov/ing  observa- 
tions were  made: 

If  the  endpiece  is  left  in  contact  with  the 
centrifuged  midpiece  as  long  as  two  and  one-half  hours, 
no  hemolysis  takes  place.   If  the  midpiece  stands  that 
length  of  time  v/ithout  washing  no  hemolysis  follows,  al- 
though it  is  necessary  to  wash  it  but  once  in  order  to 
obtain  hemolysis.   Our  experiments  have  indicated  that 
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this  is  due  to  a  change  in  the  midpiece  and  not  in  the 
endpiece.   If  the  midpiece  remains  in  isotonic  salt  solu- 
tion for  some  time  it  does  not  act  when  mixed  with  the 
endpiece.   This  loss  of  activity  which  the  midpiece  un- 
dergoes when  standing  in  isotonic  sodium  chloride  is 
called  "Brand's  m.odif  ication"  .    That  it  is  a  m.odiflca- 
tion  of  the  piece  and  not  a  deterioration,  is  shown  by 
the  fact  that  if  the  midpiece  is  first  added  to  the  sen- 
sitized cells  and  then  the  endpiece,  after  a  delay  of 
from  five  to  ten  Diinutes,  hemolysis  will  take  place  for 
some  time  after  it  Is  imipossible  to  obtain  it  v;hen  mid- 
piece  and  endpiece  are  mixed.   This  has  been  called  by 
Michaelis  and  Slcwirsl^  (25)  "persensitization"  of  the 
cells.   The  negative  results  obtained  under  the  condi- 
tions stated  above  are  probably  due  to  a  modification  of 
the  midpiece. 

The  change  which  takes  place  in  the  midpiece  of 
complement  after  standing  in  isotonic  salt  solution  was 
first  noted  by  Brand  in  1907,  and  since  that  time  a  large 
amount  of  work  has  been  done  on  this  point.  Marks  (24) 
examined  the  sera  from  twenty  guinea  pigs  and  found  that 
modification  took  place  in  all  v/ithin  tvv'enty-f our  hours. 
We  observed  one  serum  which  remained  active  for  thirty 
hours,  while  we  had  others  which  becam^e  changed  in  an 
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hoixr  or  two.   Ledingham  and  Dean  (21)  reported  that  if 
the  fractionlng  v;ere  carried  out  at  0<^C.  and  the  pieces 
kept  at  that  tempera tiire ,  the  midpiece  remained  active 
for  v/eeks  and  the  endpiece  for  months.   Our  experiments 
shov/ed  that  modification  took  place  more  quickly  v/hen 
the  fractioning  was  made  at  57°C.   than  at  room  tempera- 
ture or  that  of  melting  ice.  Also  miore  quickly  when  wa- 
ter saturated  v/ith  COg  was  used  than  when  the  dilution 
was  made  v/ith  distilled  water. 

Many  theories  have  been  advanced  as  to  the 
cause  of  this  modification.   Brand  himself  thought  that 
it  was  due  to  a  deterioration  of  the  midpiece,  but  this 
has  been  disproved  by  the  hemolysis  resulting  v/ith  per- 
sensitized  calls.   The  Ehrlich  school,  represented  by 
Plecker  and  others,  explained  it  in  terms  of  a  change  in 
combining  affinities.   The  midpiece  loses  its  affinity 
for  the  sensitized  cells  and  gains  in  affinity  for  the 
endpiece.  Ledingham  and  Dean  explained  the  phenomenon 
as  due  to  a  change  in  the  aggregation  of  the  particles 
of  globxilin  in  suspension.   Kiss  mxaintains  that  the  so- 
called  modification  is  nothing  bvit  the  loss  of  activity 
of  the  coFiplement  present  in  the  midpiece.  After  this 
has  taken  place  the  solution  contains  only  an  inhibiting 
substance  which  he  calls  anticomplement .   Thomson  and 
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Leschly  (34)  put  forward  what  seems  to  be  the  ir.ost  like- 
ly explanation.  According  to  then  the  modification  is 
due  to  a  restricting  svibstance  present  in  the  seriim, 
probably  the  euglobulins.   They  base  their  conclusions 
on  the  following  facts:   (a)  The  globulin  ;vhen  modified 
inhibits  the  action  of  normal  compleraent.   (b)  Large 
doses  of  the  modified  globulin  are  not  active  in  combi- 
nation with  endpiece,  but  small  doses  are.   (c)  Priede- 
mann  (13)  shov/ed  that  it  was  possible  to  remove  mldpiece 
and.  have  the  inliibiting  substance  rem^ain  in  solution. 
Variations  in  the  Conditions  of  Complement 
Splitting:   We  varied  the  conditions  under  v/hich  the 
fractioning  v/as  done.   There  seemed  to  be  no  difference 
in  the  amount  of  hemolysis  obtained  when  the  fractioning 
was  carried  out  at  37°C.  or  at  the  temperature  of  melt- 
ing ice,  but  the  amount  of  precipitate  formed  at  37  C.  wa; 
somewhat  larger.   If  the  ser\ini  was  diluted  with  isotonic 
sodium  chloride  instead  of  with  distilled  water,  the 
anoxxnt  of  precipitate  which  formed  v/as  sm^ll  and  the  end- 
piece  v;as  hem.olytic  in  itself.   The  addition  of  the  salt 
evidently  prevented  the  globtilins  from  precipitating  out 
of  solution.   If  the  m.idpiece  v/as  washed  v/ith  distilled 
water  saturated  with  COg  instead  of  with  plain  distilled 
water,  some  of  the  precipitate  seemed  to  dissolve  out. 


13 

This  washing  with  COg  water  inliibited  the  resulting  hemo- 
lysis to  soEie  extent,  but  did  not  prevent  it,  even  though 
the  midpiece  stood  after  v/ashing  as  long  as  two  hours  be- 
fore being  dissolved  in  isotonic  sodium  chloride. 

Kiss  Method:   V/e  have  carried  out  a  nvuiiber  of 
experiments  using  the  Kiss  method  umiodif led.   The  results 
are  shovm  in  table  II. 

Table  II 

This  table  shows  the  titre  of  complement  before 
and  after  splitting  with  the  Kiss  Method,  and  also  the 
hemolytic  activit;;  of  the  pieces. 


Titre  of 

Complement 

before 

Splitting 

Titre  of 
after 

'  Complement 
Splitting 

Hemo] 
Acti^ 

piece 

Lytic 

Number 

Cells 

Added 

Last 

Sensi- 
tized 
Cells 

/Ity 
piece 

1 

1-300 

1-200 

1-150 

1-4 

1-8 

2 

1-250 

1-125 

1-150 

0 

1-4 

3 

1-200 

1-100 

1-  85 

0 

1-3 

4 

1-175 

1-175 

1-125 

0 

0 

5 

1-135 

1-100 

1-  50 

0 

1-2 

6 

1-120 

1-  50 

1-  50 

0 

0 

7 

1-130 

1-  40 

1-  45 

0 

1-4 

8 

1-155 

1-100 

1-  60 

0 

0 

It  will  be  seen  from  this  table  that  the  end 
titre  secured  by  this  method  is  on  the  whole  higher  than 
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tliat  obtained  when  using  the  othei-"  methods.   The  average 
titre  of  the  complement  before  splitting  for  these  exper- 
iments was  1-130,  Y/hile  the  titre  after  splitting,  when 
the  cells  were  added  last  was  1-110  and  when  sensitized 
cells  were  used,  1-90.   This  represents  a  loss  of  one- 
third  of  the  complement  activity  when  cells  were  added 
last  and  of  one-half  when  the  cells  were  sensitized.  These 
results  conform  more  closely  to  those  of  Braun.   The  in- 
teresting point  to  be  noted  here  is  that  in  the  case  where 
the  best  results  are  obtained,  -  complete  restoration  of 
activity  after  splitting  when  non-sensitized  cells  were 
used  -  neither  the  raidpiece  nor  the  endpiece  was  hemoly- 
tic in  itself.   In  fact,  in  one  case  only  was  the  hemo- 
lysis of  either  piece  at  all  noticeable.   These  results 
are  not  at  all  in  accord  with  the  observations  and  conclu- 
sions of  Kiss.   He  maintains  that  it  is  impossible  to  split 
complement  and  that  the  so-called  splitting  is  only  a  divid- 
ing of  the  whole  complement  into  unequal  parts.   He  claims 
tliat  if  It  were  not  for  teclinical  difficulties  the  v/hole 
com.plement  would  come  down  with  the  precipitate.   But  since 
this  end  is  never  accomplished,  there  is  complement  remain- 
ing in  the  endpiece  and  therefore  this  is  hemolytic  in 
itself,  often  to  a  very  high  degree.   The  midpiece  is  usu- 
ally hemolytic  in  itself  also,  particularly  when  the  serum 
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is  diluted  1-20  before  adding  the  COg  water.  Prom  his 
experiments  he  concluded  that  in  order  to  obtain  satis- 
factory hemolysis  after  the  so-called  splitting  it  is  neces- 
sary that  both  midpiece  and  endpiece  be  hemolytic  in  them- 
selves to  a  high  degree.   Otherwise  the  loss  in  com.ple- 
menting  activity  is  great. 

In  making  our  experiments  great  care  v/as  taken 
to  use  distilled  water  throvigh  which  COg  had  been  passed 
for  some  time  in  order  to  be  sure  that  the  satiiration  v/as 
as  complete  as  possible.   This  may  have  been  the  reason 
why  the  pieces  were  not  very  hemolytic  in  themselves.  But 
even  under  these  conditions  the  precipitation  of  the  glo- 
biilins  was  not  as  complete  as  when  the  other  methods  were 
used.   This  was  shown  by  the  fact  that  upon  standing  a 
heavy  precipitate  formed  in  the  endpieces when  the  Kiss 
method  was  used,  v/hile  in  the  endpieces  obtained  from  the 
other  methods  only  a  slight  precipitate  formed,  if  any  at 
all. 

Quantitative  Relation  of  Midpiece  and  Endpiece; 
A  nximber  of  experiments  were  carried  out  in  an  attempt  to 
determine  the  quantitative  relationship  existing  between 
midpiece  and  endpiece.  In  general,  the  maximuiri  hemolysis 
took  place  when  equal  amounts  of  both  pieces  v/ere  used, 
but  such  a  condition  was  not  entirely  essential.   It  was 
found  that  the  endpiece  was  more  necessary  to  hemolysis 
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than  the  midplece  and  the  latter  co\ild  be  decreased  in 
amount  very  decidedly  if  there  were  sufficient  of  the  for- 
rier  present.   If  relatively  large  anounts  of  the  midpiece 
v/ere  present  the  endpiece  might  also  be  decreased,  but 
never  to  the  extent  tliat  the  midpiece  might.   These  re- 
sults are  in  accord  with  those  of  Braun,  Bessemans  (1), 
Marks,  and  Prinlcel  (12).   Ledingham  and  Dean,  however, 
■while  they  were  able  to  demonstrate  that  if  sufficient 
midpiece  were  present  it  was  possible  to  decrease  the  end- 
piece  to  some  extent,  also  observed  that  excessive  amounts 
of  midpiece  inhibited  hemolysis.   This  was  also  indicated 
in  our  results. 

Effect  of  Midpiece  and  Endpiece  on  Normal  Com.- 
plement:   The  effect  of  the  fractions  on  normal  comple- 
ment was  determined.   The  endpiece  under  no  circiimstances 
really  inhibited  the  action  of  normal  complement,  although 
it  retarded  the  reaction  some?/hat  at  times.   The  midpiece 
from  freshly  fractioned  sertim  retarded  the  action  of  nor- 
mal complement  for  som.e  time,  but  did  not  prevent  hemoly- 
sis from  taking  place  within  thirty  m.inutes.   However, 
when  modification  of  the  midpiece  has  taken  place  it  be- 
comes very  inlilbltory  to  norr-al  complement,  preventing 
hemolysis  in  as  small  amounts  as  l/25  cc.   If  the  ser\im. 


17 

mldpiece  does  not  acquire  this  anticomplementary  property 
upon  standing  in  isotonic  sodium  chloride. 

Thermostability  of  Midpiece  and  Endpiece ;   Fer- 
rata  split  guinea  pig  serum  by  means  of  dialysis  and  stii- 
died  the  stability  of  the  tv/o  pieces  tov/ard  heat.   He  found 
that  the  endpiece  was  destroyed  by  heating  at  55°C .  for  30 
minutes,  while  the  midpiece  was  stable  at  that  temperature. 
Brand,  in  repeating  the  work  of  Ferrata,  found  that  both 
midpiece  and  endpiece  were  destroyed  by  heating  at  55°C. 
for  30  minutes.   These  latter  re  stilts  were  obtained  by 
FrUnkel  and  Tsurusaki  (35).   Marks  (25),  in  1911,  did  very 
extensive  work  on  this  point.   He  found  that  both  pieces 
when  heated  after  splitting  v;ere  labile  at  55°C.  for  30 
minutes.   He  heated  normal  guinea  pig  serum  at  this  temper- 
atiire  and  found  that  it  could  be  reactivated  by  small  amount; 
of  normal  endpiece  but  not  at  all  by  normal  midpiece.   In 
order  to  determine  which  v/as  the  stable  component  in  this 
complem.ent,  he  fractioned  the  heated  seriiir.,  using  the  Sachs 
HCl  method  mostly,  but  also  the  Liefmann  CO2.   The  midpiece 
from  the  heated  serxim  could  be  activated  by  normal  endpiece 
but  the  endpiece  could  not  be  activated  by  normal  midpiece. 
He  therefore  concluded  that  while  the  midpiece  is  destroy- 
ed by  heating  at  55°C.  for  30  minutes  v/hen  isolated,  it  is 
stable  at  that  temperature  when  heated  under  natural  con- 
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dltions.   These  re  stilts  were  confirmed  by  I.Iutermilcli  (27, 
23)  and  Husler  (16) . 

V/e  attempted  to  confirm  the  results  of  Marks 
but  without  success.   The  endpiece  could  not  be  reacti- 
vated even  by  large  amoimts  of  serum  heated  at  55°C.  for 
30  minutes,  although  slight  hemolysis  was  obtained  with 
serum  which  had  been  heated  at  55°C.  for  only  10  minutes. 
Although  the  midpiece  from  serum  that  has  been  heated  goes 
into  solution  more  readily  than  that  from  unheated  serum, 
it  was  never  possible  to  obtain  any  hemolysis  whatever 
with  it  and  the  endpiece  from  unlieated  serum,  or  from  any 
combination  of  the  components  of  the  two  types  of  serum. 
Persensitized  cells  were  used  with  entirely  negative  re- 
sults. 

In  1924  Takenoii'ata  (33)  reported  the  results  of 
many  experiments  performed  on  this  point.   He  used  also 
both  the  HCl  and  the  Liefmann  CO2  methods.   He  found  that 
the  midpiece  was  more  resistant  v/hen  diluted.   He  also 
found  that  at  times  a  lov/er  temperature  was  m-ore  destruc- 
tive than  a  higher  one.   In  some  cases  the  midpiece  v/as 
found  to  be  resistant  and  in  others  not.   His  restilts  on 
the  whole  were  so  inconsistent  that  he  drew  the  conclu- 
sion that  the  thermoresistance  of  different  midpleces  is 
an  extrei~iely  variable  quantity. 
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SuDiniary ;   Gvi.inea  pig  complement  when  split  into 
midpiece  and  endpiece  by  means  of  COg  loses  from  tv;o- 
thirds  to  one-half  of  its  activity,  depending  on  the  meth- 
od used  for  splitting.  A  modification  of  the  Liefmann  and 
Kiss  methods  v/as  found  to  give  the  most  satisfactory  re- 
sults under  all  conditions.   The  maximum  hemolysis  is  ob- 
tained when  the  fractions  are  mixed  in  a  1-1  ratio.   The 
midpiece  goes  into  modification  upon  standing  in  isotonic 
sodium  chloride  solution  and  it  is  impossible  to  obtain 
hemolysis  with  a  mixture  of  midpiece  and  endpiece.   Hov/- 
ever,  hemolysis  may  be  obtained  by  means  of  persensitized 
cells.   Both  midpiece  and  endpiece  are  destroyed  by  heat- 
ing at  55°  C.  f(3r  thirty  minutes. 

Splitting  of  Guinea  Pig  Complement 
feto  Three  Pieces 

Llethod;   The  method  of  Browning  and  I.iackie  (5) 
v/as  vised  in  splitting  the  complement  into  three   pieces. 
A  given  volume  of  guinea  pig  serum  is  diluted  with  three 
volumes  of  0,85J^  sodium  chloride  and  made  up  to  35%   satu- 
ration with  a  saturated  solution  of  (^4)2204  which  is 
added  slowly  with  constant  stirring.   The  euglobulin  por- 
tion, which  is  precipitated  out  of  solution  at  this  con- 
centration, is  not  very  large  in  amount  and  is  centrifuged 
off  imrrxBdlately  and  the  clear,  slightly  colored  superna- 
tant liquid  left  for  further  satixration.   The  euglobulin 
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precipitate  is  dissolved  in  distilled  water  equal  in  amoirnt 
to  the  diluted  serum  and  reprecipitated  by  making  up  to 
55%   saturation,  and  centrifuged.   The  precipitate  is  then 
dissolved  in  a  small  amount  of  distilled  v;ater  and  dialysed 
over  night  against  riuining  water.   The  liquid  remaining 
after  the  precipitation  of  the  euglobtilins  is  made  up  to 
50^  satviration  by  adding  the  (NH^)2S04^  solution  in  an 
amount  equal  to  that  added  to  make  the  55%   saturation.  The 
heavy  precipitate  of  pseudoglob^ilins  form;ed  is  centrifug- 
ed  off  immediately.   Since  not  all  of  the  precipitate  v/ill 
come  down  in  the  centrifuge,  it  is  necessary  to  filter  it 
off  through  a  hardened  filter  paper  and  add  it  to  the 
pseudoglob\ilin  fraction  when  it  is  dissolved  before  being 
reprecipitated  and  treated  as  the  euglobulin  fraction  -viz. 
dialysed  over  night.   Some  of  this  pseudoglobulin  does  not 
come  down  in  the  centrifuge  after  reprecipitation,  biit 
this  is  usually  discarded.   The  liquid  remjaining  after 
these  two  precipitations  is  completely  saturated  v/ith 
(i'JH4)2S04  crystals  and  the  resulting  heavy  precipitate 
of  albumins  filtered  off  by  suction  through  hardened  fil- 
ter paper.    This  is  dissolved  in  a  small  amoLint  of  iso- 
tonic sodium,  chloride  and  dialysed  over  night.   The  col- 
or of  the  serum  remains  with  the  albumin  fraction.  Upon 
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dialysation  the  euglob^illn  and  the  pseudoglobulin  fr-ac- 
tions  precipitate  out  of  solution  while  the  albumin  Te- 
rrains in  solution.   Each  piece  is  made  isotonic  v/lth  so- 
ditan  chloride  crystals  "before  use  and  the  tv/o  globulin 
fractions  are  used  in  dilutions  of  1  in  5,  while  the  albvi- 
min  is  used  in  a  1  in  10  dilution.   V/hen  separation  is 
complete  the  pseudoglobulin  fraction  goes  completely  into 
soltxtion  Y/hen  made  isotonic,  but  the  euglobulin  solution 
is  alv/ays  cloudy.  As  (IIH.)2S0^  is  very  anticomplementary 
it  is  necessary  that  it  be  entirely  removed  during  dial^-- 
sis,  and  to  aid  this  all  precipitates  should  be  m.ade  as 
dry  as  possible  after  centrifuging  as  well  as  after  fil- 
tration. 

Conclusions  of  Browning  and  Mackie:   After 
splitting  complement  by  this  miethod  Browning  and  TIackie 
claim,  that  they  obtained  a  pseudoglobulin  fraction  which 
was  hemiolytic  in  itself,  frequently  to  the  extent  of  na- 
tive sermi,  but  usually  the  addition  of  the  albumdn  frac- 

I.  According  to  the  chemical  definition,  the  euglobulins 
of  the  serum  are  insoluble  in  v/ater  and  are  precipitated 
upon  dialysis,  while  the  pseudoglobulins  are  soluble  and 
therefore  remain  in  solution.   However,  the  proteins  change 
their  solubilities  with  great  ease  (Hathews  Physiological 
Chem,istry,  third  edition,  p.  552-555).   In  the  experiments 
here  carried  out  a  precipitation  upon  dialysis  of  both  the 
so-called  euglobulin  and  pseudoglobiilin  fractions  obtain- 
ed by  salting  out  with  a  sat^irated  solution  of  (lTIl4)2Sb4 
is  essential  for  satisfactory  results. 
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tlon  is  necessai-'y  in  order  to  obtain  the  full  coruplement- 
ing  activity.   The  addition  of  the  euglobulin  fraction 
did  not  seem  to  increase  the  extent  of  the  reaction,  nei- 
ther the  euglobulin  nor  the  albumin  was  active  in  itself, 
although  together  the^r  possessed  a  slight  coF»plementing 
activity. 

Experimental;   The  follov/ing  table  shows  the 
results  of  some  of  our  experiments. 
Table  III 

This  table  shows  the  titre  of  complement  before 
splitting  with  (1:114)2304  and  also  after  splitting  when 
the  three  pieces  and  only  the  pseudoglobulin  and  albTxmin 
are  mixed.   The  sign  —  indicates  that  no  tests  were  made 


Titre  of 

Titre  of 

Conplement  after 

Splitting 

3  Pieces 

Mixed   Pseudogl, 

.<!-:  Albumin 

No. 

Gom.plement 

Cells 

Sensi-    Cells 

Sensi- 

before 

Added 

tized     Added 

tized 

Splitting 

Last 

Cells      Last 

Cells 

1 

1-400 

1-14 

1-15 

._ 

2 

-> 

1-40 

1-70 

__ 

■z 

1-70 

1-55 

1-20      1-20 

1-20 

4 

-> 

1-20 

1-12      1-20 

1-18 

5 

-- 

1-28 

1-25 

6 

-. 

1-35 

1-50 



7 

-- 

1-40 

1-35 

-- 

8 

— 

1-18 

1-12 

__ 

9 

— 

1-38 

1-38 

_- 

10 

1-200 

1-33 

1-28 

__ 

11 

1-250 

1-50 

1-45 

«» 

12 

1-200 

1-25 

1-25 

— 

From  the  above  table  it  is  seen  that  v/e  were  not 
able  to  confirm  quantitatively  the  results  of  Browning  and 
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Mackie.   The  loss  of  conplementing  activity  even  in  the 
most  satisfactory  experiments  was  very  great.   In  order  to 
obtain  results  even  as  satisfactory  as  these  it  was  neces- 
sary that  the  method  outlined  above  be  carried  out  in  the 
shortest  possible  time.   It  can  usually  be  completed  -  up 
to  the  point  of  dialysis-  within  two  and  one-half  hours. 
If  the  various  precipitates  stand  long,  some  change  seems 
to  take  place  and  hemolysis  wi,ll  not  be  obtained.  But  there 
are  times  when  even  v;ith  the  greatest  care  hemolysis  will 
not  take  place  with  the  mixing  of  the  three  fractions.  The 
reason  for  this  is  not  clear,  but  it  seems  to  be  in  some 
v;ay  connected  with  the  manner  in  which  the  euglobulin  pre- 
cipitate comes  dovm.  There  are  times,  possibly  connected 
v;ith  too  vigorous  stirring,  when  only  a  small  portion  of 
the  euglobulin  precipitates  out,  and  if  this  is  the  case  the 
pseudoglobulin  fraction  ?/ill  not  go  into  clear  solution 
when  the  salt  solution  is  added,  and  it  is  certain  that  no 
hemolysis  v/ill  take  place  when  the  pieces  are  niixed.  It  seems 
as  if  the  euglobulin  and  pseudoglobulin  fractions  had  not 
been  completel^r  separated,  and  that  the  euglobulin  may 
have  an  inhibiting  action  on  the  pseudoglobulin,  which 
latter  is  evidently  the  most  Important  of  the  three  frac- 
tions.  The  theory  that  the  euglobulin  becomes  inliibitory 
at  times  is  strengthened  by  the  fact  that  v;hen  no  hemoly- 
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sis  is  obtained  by  a  rr.ixUire  of  the  three  pieces  the  eu- 
globulin  is  apt  to  inhibit  greatly  the  action  of  normal 
complement.   This  inliibitory  action  of  the  euglobulin  por- 
tion of  serxuii  was  first  noted  by  Priedemann  (13).  ^Yhen 
separation  is  incomplete  the  pseudoglobulin  fraction,  al- 
though it  does  not  inliibit  the  action  of  normal  corcple- 
Kent  completely,  nay  yet  delay  it  considerably.  i-Vhen 
good  hemolysis  is  obtained  by  mixing  the  fractions,  the 
euglobulin  does  not  inliibit  the  action  of  normal  comiple- 
ment,  or  only  slightly,  and  the  pseudoglobulin  does  not 
inliibit,  but  may  accelerate.   Under  no  condition  does  the 
albvunin  inlaibit  the  reaction.   On  the  contrary,  it  frequent- 
ly accelerates  it. 

We  fovxnd,  as  did  Browning  and  L'ackie,  that  the 
pseudoglobulin  fraction  is  the  only  one  of  the  three  that 
is  ever  hem.olytic  in  itself,  and  there  seer:s  to  be  no  re- 
gularity in  this  property  making  its  appearance.   The  ex- 
tent to  v;hich  this  fraction  is  heniolytic  varies  greatly, 
the  greatest  ever  found  by  us  being  in  a  1-12  dilution. 
Although  hemolysis  resulting  on  the  m.ixing  of  the  three 
fractions  does  not  seem  to  be  dependent  on  this  hemolytic 
property  of  the  pseudoglobulin,  yet  hemjolysis  will  take 
place  to  a  greater  extent  if  the  pseudoglobulin  is  hemo- 
lytic than  if  it  is  not.   neither  the  euglobulin  nor  the 
albumin  fractions  are  ever  hem.olytic  in  themselves  or 
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v/hen  mixed  together.  ?Jhether  or  not  the  e^iglobulin  and 
the  pseudoglobulin  are  her.iolytic  v/hen  mixed  v/ill  depend 
on  the  ability  of  the  pseudo globulin  to  cause  hem-olysis 
in  itself.   The  addition  of  the  euglobulin  increases  the 
activity  of  the  pseudoglobulin,  -  for  example,  from  a 
1-12  to  a  1-25  dilution.   It  will  be  seen  from  table  III 
that  when  hemolysis  takes  place  after  the  mixing  of  the 
three  fractions  it  will  also  take  place  when  the  pseudo- 
globulin  and  the  albumin  alone  are  mixed.  A  comparison 
of  the  hemolysis  obtained  under  these  two  conditions,  as 
seen  in  table  III,  will  show  that  the  addition  of  the  eu- 
globulin does  not  as  a  rule  increase  the  extent  of  hem.o- 
lysis  obtainable.   Occasionally  the  hemolysis  is  greater 
with  the  two  fractions  showing  the  inliibitory  effect  of 
the  euglobulin.   In  all  experiments  it  made  very  little 
difference  whether  the  cells  v/erc  added  last  or  first 
sensitized. 

The  following  protocol,  II  a  and  b,  are 
those  used  in  setting  up  these  experiments  (see  page  26). 

The  length  of  tine  during  which  the  frac- 
tions remain  active  after  preparation  is  an  extremely 
variable  quantity.   It  riay  be  said  in  general  of  both 
the  three  pieces  and  the  two  pieces  that  their  ability 
to  cause  hemolysis  when  mixed  decreases  steadily.  In  some 
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cases  it  has  disappeared  in  3-4  hours,  v/hlle  in  others 
it  is  still  present  to  a  slight  extent  after  24  hoiirs. 
The  pieces  deteriorate  more  rapidly  if  they  stand  sepa- 
rately and  are  mixed  just  before  using,  than  if  they 
stand  mixed  for  some  hours.   Itw)uld  seem  that  the  three 
pieces  v/ould  lose  their  ability  to  cause  hemolysis  when 
mixed  more  quickly  than  the  two,  because  of  the  presence 
of  the  euglobulin,  but  this  was  not  completely  demon- 
strated.  The  small  amount  of  data  collected  shows  that 
all  euglobulin  fractions  do  not  become  more  anticomple- 
mentary as  they  stand. 

The  Water  as  a  Disturbing  Factor  in  Dialysis : 
In  the  late  fall  of  1924  after  having  consistently  ob- 
tained good  results  for  about  a  month,  it  was  noticed 
that  the  hemolysis  obtained  after  fractioning  became  less 
and  less  -ontil  it  was  impossible  to  obtain  any  results 
v/hat soever.  As  this  condition  continued  to  exist  nevi 
materials  v/ere  obtained  and  used  with  negative  results. 
It  was  finally  found  that  during  the  process  of  dialysis 
the  euglobiilin  and  pseudoglobulin  failed  to  precipitate 
out  of  solution.   It  appeared  as  if  some  of  the  proteins 
had  been  changed  to  such  an  extent  that  they  had  passed 
through  the  membrane,   for  upon  precipitation  with 
(NH4)2S04   it  did  not  seem  that  the  normal  amount  of 
precipitate  was  formed.   If  dialysis  were  made  against 
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distilled  water  instead  of  against  tap  water  both  the 
euglobulin  and  the  pseudoglobulin  were  completely  pre- 
cipitated out  of  solution. 

The  Baltimore  water  supply  is  filtered  and 
treated  with  checdcals  before  it  is  used.   During  the 
fall  of  1924  there  ?/as  a  fungus  growth  in  the  v/ater  and 
in  order  to  kill  this  manganese  was  added  and  then  alu- 
miniun:  sulphate  to  precipitate  the  manganese.   This  ex- 
cess of  sulphate  may  have  been  sufficient  to  prevent  the 
proteins  from  precipitating  out  of  solution.   However, 
manganese  is  only  added  to  the  water  for  two  months  in 
the  fall  and  the  inability  to  obtain  a  precipitate  upon 
dialysis  has  persisted  for  five  months  with  an  inter- 
ruption of  only  about  ty;o  weeks.   Examination  of  the  com- 
posite analyses  of  the  water  made  by  the  city  each  month 
shov/s  a  very  high  bicarbonate  content  of  the  water  dur- 
ing the  months  of  llovember  and  December  v/hen  conditions 
were  at  their  worst.  ?/hen  a  comparison  is  made  between 
the  analyses  for  these  two  months  and  those  for  April  and 
May,  when  very  good  results  were  obtained,  this  excess  of 
bicarbonate s  and  a  slight  excess  of  calcium  seem  to  ex- 
plain ovir  inability  to  precipitate  the  proteins  upon 
dialysis. 

An  attempt  v;as  made  to  carry  Otit  the  dialysis 
against  distilled  water  instead  of  against  tap  water,  but 
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no  satisfactory  results  were  obtained.   As  mentioned 
above,  the  precipitation  of  the  proteins  was  excellent, 
but  no  matter  hov;  many  times  the  v/ater  was  changed  the 
euglobulln  or  the  pseudoglobulin,  or  both,  v;ere  extreme- 
ly anticomplementary  in  themselves  and  therefore  it  was 
impossible  to  obtain  hemolysis  when  they  v/ere  mixed. 
Prom  observations  made  during  the  course  of  some  other 
experiments  it  appears  that  this  is  due  to  some  anti- 
complementary action  of  the  distilled  water  itself  on 
the  fractions  and  not  to  incomplete  removal  of  the 
(1^4)2304. 

Since  this  difficulty  with  dialysis  has  been 
encountered,  our  inability  to  obtain  results  equivalent 
to  those  of  Browning  and  I.Iackie  perhaps  may  be  due  to 
differences  in  the  water  supplies  used  in  the  two  cases. 

Summary ;   Guinea  pig  complement  may  be  split 
into  euglobulin,  pseudoblobulin,  and  albu:-.:in  fractions 
by  means  of  a  saturated  solution  of  (ird^) 2S0^.      The  lost 
of  complementing  activity  in  our  experiments  was  very 
great,  contrary  to  the  claims  of  Browning  and  Mackie. 
This  may  have  been  in  part  due  to  the  difference  in  the 
water  supplies  xised  for  dialysis. 
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Splitting  of  Guinea  Fig  Complement 
Into  Pour  Pieces   ^ 


Method;   In  an  attempt  to  fraction  guinea  pig 
serum  into  four  pieces  the  method  used  was  that  employ- 
ed by  Brovmlng  and  Llackie.   That  is,  the  serum  was  first 
split  into  midpiece  and  endpiece  by  the  Llefmann  COg 
method,  then  by  use  of  (1TH4)2S0^  the  midpiece  was  split 
into  euglobulin  and  pseudoglobulin  and  the  endpiece  into 
pseudoglobtilin  and  albumin. 

The  CO2  fractioning  was  carried  out  as  describ- 
ed under  fractioning  of  complement  into  two  pieces,  ex- 
cept that  the  endpiece  v/as  not  made  isotonic  after  the 
removal  of  the  midpiece.   The  mid  piece  was  dissolved 
completely  before  the  addition  of  the  {mi^)2S>0^.        The 
splitting  of  the  midpiece  v;as  the  most  difficiilt  and 
probably'-  the  most  important  part  of  the  fractioning. 
The  euglobulin  v/as  precipitated  by  33^^  saturation,  and 
the  pseudoglobulin  by  50%   saturation  as  described  in  de- 
tail under  three  piece  fractionirg.   But  the  separation 
of  these  two  precipitates  seems  to  be  very  difficult  to 
accom.pllsh  sviccessfully.   The  amount  of  toth  is  small, 
that  of  the  latter  very  small,  and  the  addition  of  the 
(1TH^)2S04  seems  to  cause  them  to  precipitate  different- 
ly at  different  times.  As  a  rule,  the  euglobulin  frac- 
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tion  v;ill  come  dovm  in  the  centrifuge,  but  the  pseudo- 
globulin  never  cornea  down  completely,  even  after  repreci- 
pitation,  and  must  be  filtered  off  both  times  tlirough 
hardened  filter  paper.   Upon  dialysation  both  precipi- 
tate out  somewhat,  and  when  sodium  chloride  is  added  to 
isotonicity  neither  solution  becomes  entirely  clear. 

The  fractionation  of  the  endpiece  is  accomplish- 
ed quite  readily  and  the  pseiidoglobulin  and  albumin  pre- 
cipitates, obtained  by  50^  and  100^  satiiration  with 
(NII.)2S0.,  behave  exactly  as  under  the  three  piece  frac- 
tioning  and  are  treated  in  the  same  way.   The  amount  of 
pseudoglobulin  fraction  is  somev/hat  smaller  than  in  the 
three  piece  fractioning,  due  to  the  smiall  portion  of  it 
that  goes  with  the  midpiece. 

Conclusions  of  Browning  and  Mackie;   Brovming 
and  Liackie  siunrr^rize  their  results  from  the  four  piece 
fractioning  as  follows:   The  pseudoglobulin  from  the  mid- 
piece  is  the  smallest  part  of  the  serum,  but  is  the  only 
one  v/hich  has  any  complementing  activity  in  itself.   The 
two  pseudoglobulin  fractions  together  show  a  qaarked  hemo- 
lytic activity,  which  at  times  may  be  equal  to  that  of 
native  seru:a.   However,  the  addition  of  the  albumin  of 
the  serum  is  usually  necessary  to  restore  complete  activ- 
ity.  The  addition  of  the  euglobulin  did  not  increase  the 
activity  of  the  pseudoglobulins.   The  albumin  as  a  rule 
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is  incapable  of  acting  v/ith  the  pseudoglobiilin  of  the 
endpiece,  hut  has  a  marked  action  together  v/ith  the  pseu- 
doglobulin  of  the  nidpiece.   It  is  also  sonev/hat  active 
with  the  euglobulin,  althougla  the  addition  of  a  third 
component  is  us\iall7  necessary  for  the  restoration  of 
complete  activity. 

Discussion:  The  results  obtained  by  us  insecur- 
ing  hemolysis  when  mixing  the  four  fractions  together 
have  been  entirely  negative.   Only  once  has  any  hemoly- 
sis been  obtained  and  then  only  to  a  small  degree  with 
the  mixture  of  the  tv/o  pseudo globulin  fractions  and  the 
albumin.   In  making  up  the  protocols  both  sensitized  and 
unsensitized  cells  were  used  and  as  much  as  1.6  cc.  of 
the  mixtiire. 

In  trying  to  determine  the  reason  for  these 
negative  results  the  effect  of  the  various  fractions  on 
norm.al  complement  was  tried.   In  only  one  oiit  of  eight 
cases  did  the  euglobulin  inliibit  the  action  of  normal 
conplemiont.   In  all  eight  cases  the  pseudoglobulin  from 
the  midpiece  v/as  inliibitory,  in  soriO  instances  more  so 
than  in  others.   In  no  case  did  either  the  pseudoglobu- 
lin from  the  endpiece  or  the  albumin  fractions  cause  any 
inhibition,  but  in  several  cases  they  actually  caused  an 
acceleration.   It  might  therefore  be  supposed  that  this 
inliibition  which  has  developed  in  the  pseudoglobulin 


33 

from  the  mldpiece  may  in  some  way  prevent  hemolysis  from 

taking  place  when  the  fractions  are  mixed  in  various 

ways . 

In  viev;  of  the  great  difficulty  which  has  been 

experienced  with  changes  in  the  city  water  supply  it 

seems  possible  that  herein  might  lie  in  part  the  reason 

for  our  inability  to  obtain  the  results  of  Browning  and 

Ma Okie , 

Reactivation  of  Yeast  Absorbed 
(jT-^inea  Pig  Goni^ement 

Three  Piece  Fractions. 

Experimental:   Fresh  guinea  pig  serum  was  mixed 
v;ith  a  small  amoxmt  of  Fleisclimann' s  yeast  and  kept  at 
57°C.  for  30  minutes.   The  yeast  v/as  then  removed  by  cen- 
trifuging.   The  serum  thus  obtained  was  diluted  1-5  v/lth 
isotonic  sodium  chloride  solution  and  v/as  fo-and  to  be  com- 
pletely inactive  when  0.1  cc.  of  this  dilution  was  added 
to  tv/o  units  of  sensitizer  and  one  unit  of  sheep  cells. 
It  is  best  to  use  fresh  yeast  since,  unless  it  is  dried, 
it  may  become  anticomplementary  on  aging. 

In  reactivating  this  yeast-absorbed  serum  with 
the  fractions  from  the  three  piece  (ini4)2S04fractionlng 
the  results  were  very  clear  cut.  Neither  the  e-aglobulin 
nor  the  albumin  fraction  activated  the  servim  in  the  least, 
while  a  complete  and  rapid  activation  took  place  with  very 
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small  aiiiounts  of  the  pseiidoglolDulln  fraction.  Protocol 
III,  a  and.  b,  were  those  used  in  testing  for  the  reac- 
tivation. In  rnan-'  cases  it  was  necessary  to  carry  the 
pseudo globulin  fraction  into  higher  dilutions  in  order 
to  determine  the  greatest  extent  to  which  reactivation 
would  take  place . 

The  reactivating  pov/er  of  the  pseudoglobulin 
fraction  was  determined  before  and  after  heating.   In 
a  series  of  experiments,  as  shown  in  table  IV,  only  the 
results  with  the  pseudoglobulin  fraction  are  included 
as  no  reactivation  was  ever  obtained  with  the  euglobu.- 
lin  or  the  albumin  fractions. 

Table  IV 
This  table  shows  the  results  obtained  in  reac- 
tivating the  yeast  absorbed  com.plement  'ivith  the  pseudo- 
globulin fraction  from  (11114)2304  splitting.   —  =  no 
test.  0  =  no  reactivation. 
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Analysis  of  Table  IV:   As  seen  in  the  above 
table,  the  extent  to  which  the  various  pseudo globulin 
fractions  will  reactivate  yeast  absorbed  guinea  pig  ser- 
um varies  greatly.   But  it  is  defihitely  seen  that  re- 
activation takes  place  to  a  greater  extent  v/hen  cells 
are  added  last  tlian  when  sensitized  cells  arc  used.   It 
was  thought  that  possibly  the  extent  to  v.'hich  the  pseu- 
doglobulin  fraction  would  reactivate  the  yeast  absorb- 
ed serum  was  dependent  on  the  property  v/hich  this  frac- 
tion sometimes  possessed  of  being  hemolytic  in  itself. 
This  v;a3  found,  however,  not  to  be  the  case.   Only  in 
four  cases  was  the  pseudoglobulin  hemolytic  in  itself 
and  then  never  in  more  than  a  1-S  dilution.   The  reac- 
tivation possible  with  these  four  fractions  v;as  in  no 
case  greater  than  with  the  nonliemolytic  fractions,  and 
usually  not  as  great. 

After  heating  the  pseudoglobulin  fraction,  either 
at  56^C.  or  at  54°G ,  for  30  m.inutes,  a  decided  decrease 
in  its  ability  to  reactivate  the  yeast  absorbed  serum 
takes  place,  but  it  is  not  as  a  rule  entirely  destroyed. 
The  same  relationship  between  the  two  orders  of  addition 
obtains  as  v/hen  unheated  pseudoglobulin  is  used.   It  has 
been  shown  by  Hyde  (18)  that  it  is  possible  to  reacti- 
vate yeast  absorbed  serun  with  si;:al]  amounts  of  guinea 
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the  pseudoglobulin  fraction  loses  in  part  its  ability 
to  reactivate  the  yeast  absorbed  seruni  when  heated  at 
that  temperature,  it  is  probable  that  this  is  due  to 
its  isolated  condition. 
Two  Piece  Fractions.^ 

Experimental ;   In  the  reactivation  of  the  yeast 
absorbed  complenent  with  fractions  from  the  three  piece 
(1114)2304  fractionation  is  was  found  that  the  pseudoglo- 
btilin  was  the  one  v;hich  contained  the  substance  neces- 
sary for  reactivation.   In  the  light  of  this  fact  one 
woxild  suppose  that  since  both  the  endpiece  and  the  mid- 
piece  obtained  from  fractioning  guinea  pig  complement 
with  COg  contain  pseudoglobulin  that  both  of  these  pieces 
T;ould  possess  the  property  of  reactivating  the  yeast  ab- 
sorbed serum.   This  supposition  has  been  fou.nd  to  be  true 
as  is  seen  from  the  following  table  V,  which  gives  the 
results  of  tv/elve  experiments.   The  same  dilutions  of 
the  substances  and  the  same  protocols  were  used  as  in 
reactivating  v/ith  the  three  piece  fractions.   It  may  be 
noted  here  that  the  results  were  not  as  clear  cut  as  with 
the  three  pieces,  and  many  of  the  reactions  were  extreme- 
ly difficult  to  read.   This  v/as  particularly  true  after 
heating.   In  cases  where  there  is  doiibt  (*)  is  inserted 
after  the  reading. 
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This  table  shows  the  reactivation  of  yeast  absorbed 
complement  with  midpiece  and  endpiece  from  CO2  fractioning. 


0  = 

no  reac' 

bivation 

no  test  1 

3iade . 

I.iidpiece 

Endp 

iece 

Unheated 
Cells  Sensi- 
Added  tized 
Last  Cells 

540c 

!.30' 

Unheated 

54UC 

:.30' 

I'lO  . 

Cells 
Added 
Last 

Sensi- 
tized 
Cells 

Cells 
Added 
Last 

Sensi- 
tized 
Cells 

Cells 
Added 
Last 

Sensi- 
tized 
Cells 

1 

1-  50 

1-50 

0 

1-  5 

1-  3 

0 

0 

0 

2 

0 

l-50(±) 

0 

l-25(*) 

1-10 

0 

0 

0 

3 

0 

1-  3 

0 

0 

1-  9 

1-  4 

0 

0 

4 

1-  50 

1-50 

0 

0 

1-15 

i-io(i) 

1-  3 

0 

5 

1-  50 

1-25 

0 

1-10(±) 

1-12 

1-2 

0 

0 

6 

1-  50 

1-50 

— 

— 

1-17 

i-5(i:) 

— 

_. 

7 

1-  50 

l-40(±) 

1-40 

1-17(±) 

1-17 

1-4 

1-10 

— 

8 

1-  30 

1-17 

0 

1-  4 

1-  6 

0 

0 

0 

9 

1-  85 

1-12 

1-60 

1-12(-) 

1-12 

0 

1-  8 

0 

10 

1-125 

1-125 

1-80 

i-80(:!:) 

1-20 

1-12 

1-12 

1-5 

11 

1-  40 

0 

l-30(±) 

l-25(±) 

1-12 

1-  4 

1-  6 

0 

12 

1-  70 

1-  55 

1-50 

1-30 

1-  5 

0 

0 

0 

Analysis 

of  Table  V:  The 

split- 

ting  of 

the  pseudo- 

globulins  present  in  the  v;hole  serum  by  means  of  COg  very  defi- 
nitely affects  their  ability  to  reactivate  the  yeast  absorbed 
serum  for  such  reactivation  is  not  at  all  clear  cut.   For  the 
most  part  the  reactivating  property  goes  with  the  midpiece  and 
the  end  point  of  the  reaction  may  be  as  high  as  in  the  case  of 
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the  unsplit  pse;idoglobullns.  Yet  the  endplece  also  pos- 
sesses some  ability  to  reactivate.   It  must  be  remember- 
ed in  this  connection  that  the  loss  of  complementing  ac- 
tivity in  fractioning  guinea  pig  serum  into  three  pieces 
is  greater  than  when  fractioning  it  into  two.   This  ap- 
pears to  account  for  the  fact  that,  as  shov/n  by  compar- 
ing tables  IV  and  V,  the  split  pseudo globulin  may  reacti- 
vate to  as  great  an  extent  as  the  unsplit.   The  midpiece, 
hov/ever,  does  not  reactivate  as  consistently  in  the  high- 
er dilutions  as  does  the  unsplit  pseudoglobulin,  and  as 
mentioned  before  the  reactions  are  not  as  clear. cut. 

The  two  orders  of  addition  show  that  the  reac- 
tivation takes  place  better  when  cells  are  added  last  than 
when  sensitized  cells  are  used.   This  was  also  found  true 
in  reactivating  with  the  pseudo globulin.   Heating  of  the 
midpiece  and  endpiece  at  54°C.  for  30  minutes  either  re- 
duces the  extent  to  which  the  reactivation  will  take  place 
or  destroys  it  entirely.   There  seems  to b e  no  way  of  de- 
termining v/hy  the  reactivating  ability  is  destroyed  in 
some  cases  and  not  in  others.  Experience  with  fraction- 
ing the  guinea  pig  serum  into  three  pieces  has  shovm  that 
the  euglobulin  fraction  of  the  serum  is  very  apt  to  become 
anticomplerientary  diiring  the  process.   It  has  been  observ- 
ed that  it  is  almost  alv/ays  in  reactivating  with  the  mid- 
piece  that  the  results  are  not  clear  cut  and  are  difficult 
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to  read.   This  lack  of  clearness  in  the  reactions  is  par- 
ticularly noticeable  after  the  midpiece  is  heated.   It  is 
possible  that  during  the  process  of  fractioning  and  heat- 
ing, the  euglobulin  sotaetlmes  becomes  anticompleraentary 
and  thus  inhibits  to  sorie  extent  the  action  of  the  pseu- 
doglobulin  present  in  the  midpiece. 

Discussion  and  Sxainmary;   Von  Dungern  (8)  was 
the  first  to  show  that  serxin  could  be  inactivated  by  con- 
tact T/lth  yeast,  and  it  v/as  later  used  by  Ehrlich  and 
Sachs  (9,  10)  in  their  demonstration  of  "Complementoid". 
These  latter  shov/ed  that  the  action  of  yeast  was  in  re- 
moving a  coraponent  of  complement  and  this  \7as  confirmed 
by  the  work  of  Coca  (6).   He  found  that  serum  treated  with 
yeast  was  activated  v/ith  both  the  midpiece  and  endpiece  of 
com.plement  obtained  from  splitting  ?/ith  CO2  and  therefore 
the  component  removed  was  independent  of  these  pieces  as 
such;  that  is,  yeast  absorbed  complement  contained  both 
midpiece  and  endpiece.   It  was  also  resistant  to  heat. 
Hyde  (18)  demonstrated  that  yeast  absorbed  serum  could  be 
activated  with  heated  guinea  pig  serum  and  human  sertim, 
the  order  of  the  addition  of  the  reagents  used  being  ex- 
tremely important  in  obtaining  satisfactory  results. 

Kuch  work  has  been  done  on  the  inactivation  of 
guinea  pig  serwn  with  cobra  venom.   Sachs  and  0morokov/(31) 
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foimd  that,  serum  treated  in  this  way  could  be  activated 
with  the  endpiece  and  midpiece  of  cornplernent .   Ritz  (29) 
found  this  to  be  true  and  in  addition  demonstrated  that 
it  v/as  possible  to  activate  senun  heated  at  54°C.  for  30 
minutes  by  means  of  servon  inactivated  v/ith  cobra  venom. 
Midpiece  and  endpiece  obtained  by  splitting  sex-um  v/ith 
COg  v;hen  heated  at  54°C.  for  30  minutes  would  also  acti- 
vate the  serui;!  treated  with  cobra  venom.   Husler  (16) 
confirmed  these  results.  From  the  above  facts  these  work- 
ers considered  the  presence  of  a  third  component  in  sertun 
demonstrated.   Coca  states  that  a  conparison  of  the  proper- 
ties possessed  by  sera  treated  with  yeast  and  cobra  venom 
definitely  shov/s  the  identity  of  the  component  removed  by 
the  tv/o  substances;  that  is,  the  third  com.plement  compo- 
nent.  In  the  case  of  cobra  venom,  hov;ever,  it  is  not  a 
removal  but  rather  an  inliibition  of  the  function,  for  it 
is  possible,  though  only  at  times,  to  reactivate  the  yeast 
absorbed  serum,  with  sm^all  amounts  of  the  cobra  venom  inac- 
tivated serum. 

Ritz  was  able  to  demonstrate  in  the  case  of  ser- 
um inactivated  with  heat  and  then  fractioned  that  the  sta- 
ble third  component  adhered  to  the  globulin  portion  of  the 
serum.   Takenomata  (35)  in  his  work  has  been  able  to  con- 
firm this  with  active  ser\mi.   Our  results  in  connection 
with  the  reactivation  of  the  yeast  absorbed  serum  have 
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shovm  that  this  is  the  case.   Biit  we  have  gone  further 
and  in  splitting  the  guinea  pig  serum  into  three  pieces 
as  v;ell  as  two,  have  been  able  to  show  that  the  third 
conponent  is  all  in  the  pseudoglobulln  fraction  and  en- 
tirely missing  in  the  euglobulin  fraction.   The  relative 
resistance  of  this  pseudoglobulin  fraction  to  heat  shov/s 
more  definitely  that  it  is  identified  with  the  third  com- 
plement component.   The  yeast  evidently  removes  a  compo- 
nent found  in  the  pseudoglobulin  fraction.   Since  the 
deficient  guinea  pig  serxim  will  not  reactivate  the  yeast 
absorbed  serum  they  would  seem  to  have  at  least  one  comi- 
plement  component  missing  in  common. 

Activation  of  Deficient  Guinea  Pig  Serum 
Two  Piece  Fractions. 

Experimental :   There  is  a  colony  of  guinea  pigs 
in  the  possession  of  R.  R.  Hyde  v;hich  are  markedly  defi- 
cient in  the  serum  constituent  called  complement.   This 
com.plement  deficiency  is  an  inlierited  character  and  be- 
haves as  a  simple  recessive  Kendelian  unit.   The  inlieri- 
tance  is  the  sane  v/hether  transm.itted  through  the  male  or 
f  eriale .   In  order  to  determine  what  piece  has  been  remov- 
ed from  this  complemient  by  nature,  attempts  were  made  to 
activate  it  by  means  of  the  pieces  obtained  from  the  tv/o 
and  three  piece  fractionlngs. 
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Protocol  IV,  a  and  b,  were  those  used  in  the 
activating  of  the  deficient  guinea  pig  serum  v^ith  mid- 
piece  and  endpiece  obtained  frori  fractioning  guinea  pig 
corcplenient  v/ith  cai^bon  dioxide .  Five  units  of  sensiti- 
zer Yiex-e   used  and  the  deficient  serum  diluted  1  in  5  v/ith 
isotonic  sodium  chloride.   It  v;as  usually  necessary  to 
make  fiirther  dilutions  of  the  endpiece  than  are  shown 
in  the  protocols  in  order  to  obtain  the  endpolnt  of  the 
reaction.   These  protocols  illustrate  the  two  methods 
of  addition  used. 

The  follov;ing  table,  VI,  sujnmarizes  the  re- 
sults obtained  from  several  experiments.  The  results 
of  the  activation  of  the  deficient  serum  before  and  after 
heating  at  54°C .  for  30  minutes  are  given.  The  serum 
from  seven  different  deficient  pigs  was  tised  in  these 
experiments. 

Analysis  of  Table  VI;   The  principal  fact  in 
this  table  is  that  the  substance  most  important  in  the 
activation  of  deficient  guinea  pig  serum  is  present  in 
the  endpiece  of  complement,  obtained  by  fractioning  with 
C02>  to  the  greatest  extent.   The  extent  to  which  the 
endpiece  will  activate  the  deficient  serixm  varies  greatly 
with  the  different  fractionings.  Activation  was  obtain- 
ed anjavhere  from  a  1-35  to  a  1-5000  dilution.   It  will 
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Table  VI 
This  table  shows  the  res-alts  obtained  in  activating  defi- 
cient guinea  pig  complement  v/ith  nidpiece  and  endpiece 
fron  COg  fractioning.   -  =  doxibtful  readings.  —  =  no 
test  made.   0  =  no  activation. 


Midpiece 

Endpiece 

No. 

Cells  Added 
Last 

Sensitized 
Cells 

Cells  Added 
last 

Sensitized 
Cells 

Un- 
heated 

54^30' 

Un- 
heated 

54"o0' 

Un- 
heated 

54O30' 

Un-   5 
heated 

4030 ' 

1 

1-50 

0 

1-30 

0 

1-35 

0 

0 

0 

2 

0 

0 

0 

0 

1-1000 

0 

1-3 

0 

3 

1-35 

— 

1-50 

~ 

1-5000 

0 

0 

0 

4 

1-75 

0 

l-oO 

0 

1-1000 

0 

0 

0 

5 

0 

0 

0 

0 

1-2500 

0 

1-8 

0 

6 

0 

0 

0 

0 

1-S5 

0 

1-7 

0 

7 

1-50 

0 

1-30 

0 

1-420 

0 

0 

0 

8 

0 

0 

0 

0 

1-S5 

0 

0 

0 

9 

1-25^) 

0 

1-12(±) 

0 

1-45 

0 

0 

0 

10 

0 

0 

0 

0 

1-2500 

0 

l-50(±) 

0 

11 

0 

0 

0 

0 

1-3000 

0 

1-300 

0 

12 

1-75 

0 

1-40 

0 

1-3000 

0 

1-800 

0 
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also  be  noticed  that  the  method  of  addition  of  the  sub- 
stances used  is  very  important  in  this  case.   If  the  cells 
are  added  last  activation  takes  place,  v/hile  if  sensitiz- 
ed cells  are  used  no  activation  takes  place,  or  to  such  a 
slight  extent,  as  a  rule,  that  it  may  be  neglected.   In 
two  cases  activation  was  obtained  in  a  1-SOO  dilu.tion 
when  using  sensitized  cells.   In  these  cases  a  sensitizer 
v/hich  was  not  more  than  two  v;eeks  old  was  used,  while  in 
the  other  cases  older  seriim  of  high  titre  was  used.   It 
was  thought  possible  that  this  might  have  some  effect  on 
the  results  obtained,  but  further  experiments  with  per- 
fectly fresh  sensitizer  seem  to  show  that  this  is  not  the 
case.   It  is  impossible  to  explain  these  facts  from  the 
observations  we  have  r^de.   However,  in  the  cases  in  which 
the  midpiece  activates,  results  are  obtained  with  both 
orders  of  addition  under  all  conditions.   This  irregular- 
ity in  securing  activation  with  sensitized  cells  is  par- 
ticularly Important  in  view  of  the  fact  that  sensitized 
cells  were  used  entirely  by  all  the  earlier  workers  in 
all  of  their  experiments.   If  sensitized  cells  alone  had 
been  used  in  the  above  experiments  activation  \Yould  not 
have  been  secured  in  the  majority  of  the  cases. 

The  endpiece  retains  its  ability  to  activate 
deficient  guinea  pig  serum  for  some  time.   One  endpiece 
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which  when  fresh  activated  in  a  1-420  dilution,  after 
standing  in  the  ice  box  for  ten  days  activated  in  a  1-300 
dilution  and  did  not  lose  its  ability  completely  for  near- 
ly a  month.   Others  have  retained  their  ability  even  long- 
er.  It  is  interesting  to  note  that  in  the  cases  in  which 
distilled  water  saturated  with  COg  was  used  the  endpiece 
obtained  loses  its  ability  to  activate  deficient  seriim 
more  quickly.  A  very  heavy  precipitate  forms  in  this 
case.   However,  if  the  other  method  of  fractioning  is 
used,  btit  a  slight  one  forms.  A  few  of  the  endpieces 
upon  standing  acquired  the  ability  to  activate  when  sen- 
sitized cells  v;ere  used,  but  never  to  as  great  an  extent 
as  when  cells  were  added  last. 

It  will  be  noted  on  examining  table  VI  that  in 
half  of  the  cases  the  deficient  serum  is  activated  by  the 
midpiece  as  well  as  the  endpiece,  but  never  to  as  great 
an  extent  --  in  a  1-S5  dilution  being  the  greatest  ever 
obtained.   This  activation  of  the  serum  by  the  midpiece 
does  not  seem  to  bear  any  relationship  to  the  extent  of 
activation  produced  by  the  endpiece.   It  appears  that  it 
takes  place  when  the  serum  is  so  split  that  more  of  the 
pseudoglobulin  is  in  the  midpiece  than  normally  and  is 
more  or  less  of  a  chance  affair.  WTien  the  midpiece  acti- 
vates the  deficient  serum  it  does  so  in  both  orders  of 


48 

addition,  although  as  great  activation  is  not  obtained 
when  sensitized  cells  are  used  as  when  the  cells  are 
added  last.  V/hatever  the  substance  v/hich  activates  the 
deficient  serum  in  either  mid  piece  or  endpiece,  it  loses 
its  ability  entirely  when  heated  at  54*^0.  for  50  minutes. 

Discussion:  Coca  (7)  and  Hyde  (17,19)  have  at- 
tributed the  inactivity  of  the  deficient  guinea  pig  serum 
to  a  lack  of  a  third  complement  component.   Their  conten- 
tion is  that  both  midpiece  and  endpiece  are  present  in 
the  deficient  serxim.   The  third  component  is  supplied  by 
normal  guinea  pig  serum,  resists  heating  at  56°C.,  and 
is  absorbable  by  yeast.   The  fact  that  both  midpiece  and 
endpiece  lost  their  power  to  activate  the  deficient  serum 
when  heated  at  54°  C.  for  30  minutes  indicates  that  the 
third  component  is  more  easily  affected  by  temperature 
when  removed  from,  its  native  condition.   The  fact  that 
the  yeast  removes  a  complement  component  in  the  pseudo- 
globulin  fraction  and  that  the  deficient  guinea  pig  serum 
is  not  activated  with  yeast  absorbed  complement  indicates 
very  definitely  that  at  least  one  of  the  factors  m.issing 
in  the  deficient  guinea  pig  complement  is  associated  with 
the  pseudo globulin  fraction. 
Three  Piece  Fractions. 

Experimental;   The  v;ork  of  activating  deficient 
guinea  pig  com.plement  by  means  of  three  fractions  from  the 
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(NH4)2S04  fractioning  has  not  been  at  all  satisfactory 
or  conclusive.   The  reason  for  this  is  that  shortly  after 
this  work  was  begun  the  changes  in  the  water  supply,  de- 
scribed above,  began  to  take  place  and  it  was  impossible 
to  obtain  satisfactory  fractions  with  which  to  continue. 
The  observations  made  from  the  fev;  experiments  carried 
out  are,  however,  given  below. 

In  the  first  attempts  to  activate  deficient 
guinea  pig  serum  it  was  foiind  that  activation  would  take 
place  by  the  addition  of  the  albumin  fraction  and  not  by 
the  addition  of  either  the  euglobulin  or  the  pseudo globu- 
lin. Activation  was  obtained  with  the  albumin  fraction 
in  as  high  as  a  1-500  dilution,  and  tipon  heating  at  56°C. 
for  30  minutes  activation  was  obtained  only  in  a  1-300 
dilution.   These  experiments  were  repeated  some  months 
later  and  it  was  found  that  activation  either  did  not 
take  place  at  all,  or  upon  the  addition  of  both  the  pseu- 
doglobulin  and  the  albumin  fractions,  or  sometimes  with 
one  and  not  the  other.   It  was  not  obtained  with  either 
in  more  than  a  1-125  dilution. 

Discussion:  In  light  of  subsequent  work  in  acti- 
vating the  deficient  guinea  pig  serum  v/ith  two  piece  frac- 
tions it  is  possible  at  least  to  formulate  a  theory  as  to 
the  reason  for  these  contradictory  results.   It  was  found 
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in  this  latter  work  that  although  at  times  both  midpiece 
and  endpiece  would  activate  the  deficient  seruin,  activa- 
tion with  the  former  was  not  constant  and  never  took  place 
to  a  very  high  degree,  while  ¥/ith  the  endpiece  activation 
alT/ays  took  place  and  in  very  high  dilutions.  As  the  end- 
piece  from  the  CO2  splitting  contains  "both  pseudoglobu- 
lin  and  albumin,  a  mixture  of  these  two  is  necessary  in 
order  to  obtain  the  most  satisfactory  results.   But  since 
activation  is  sometimes  obtained  v/ith  the  mldpiece  and 
this  contains  no  albumin,  it  is  seen  that  the  pseudoglo- 
bulin  alone  possesses  the  property  of  activation,  although 
not  to  a  very  great  extent,   llo  activation  of  any  kind 
was  ever  obtained  ?/ith  a  euglobulin  fraction. 

It  is  possible  that  the  albumin  fractions  first 
used  by  us  to  activate  the  deficient  guinea  pig  serxim  con- 
tained some  pse\idoglobulin  and  this  is  the  reason  activa- 
tion v/as  obtained  to  such  a  high  degree.   These  fractions 
v/ere  made  during  the  early  part  of  our  work  on  splitting 
complem.ent  with  (1^4)2304  and  it  is  highly  probable  that 
a  complete  separation  of  the  two  proteins  had  not  taken 
place.   The  latter  experiments  were  performed  v/ith  frac- 
tions which  v/ere  more  perfectly  separated,  and  indicate 
that  it  is  possible  to  activate  the  deficient  serum  v/ith 
both  pseudoglobulln  and  alburrdn  alone,  but  a  combination 
of  the  two  is  more  satisfactory.   If  the  conditions  for 


51 

dialysis  become  more  satisfactory  it  is  desirable  to  de- 
termine the  quantitative  relationships  between  the  pseu- 
doglobulin  and  albiuuin  necessary  to  obtain  the  raost  satis- 
factory activation.   Since  the  pov/er  to  activate  is  en- 
tirely destroyed  by  heating  at  54°C.  for  30  minutes  when 
both  midpiece  and  endpiece  are  used,  it  is  desirable,  to 
determine  whether  both  of  these  fractions,  pseudoglobulin 
and  alb-ordn,  are  thermolabile  or  whether  this  property 
applies  to  only  one. 

If  one  will  compare  the  results  obtained  in  ac- 
tivating yeast  absorbed  complement  and  deficient  guinea 
pig  complement  by  means  of  the  two  piece  and  three  piece 
fractions,  it  will  be  seen  that  while  the  substance  which 
activates  the  yeast  absorbed  serum  is  contained  mainly 
in  the  midpiece,  that  which  activates  the  deficient  serxim 
is  contained  mainly  in  the  endpiece.  Yeast  absorbed  serum 
is  activated  only  by  the  pseudoglobulin  from  the  three 
piece  fractioning,  while  the  deficient  serum  is  from  all 
indications  activated  by  both  the  pseudoglobulin  and  the 
albumin,  and  a  combination  of  the  two  will  bring  about 
the  most  satisfactory  activation.   These  results  show  that 
the  inactivation  of  guinea  pig  complement  brouglit  about 
by  absorption  with  yeast  and  that  produced  by  nature  are 
not  identical. 
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DISCUSSION 

Brand,  in  his  attempt  to  explain  why  the  mid- 
piece  of  complement  went  into  modification  when  standing 
in  salt  solution,  came  to  the  conclusion  that  since  the 
salt  conditions  in  the  blood  were  the  same  as  those  in 
the  experiment  the  modification  must  take  place  by  virtue 
of  the  isolation  of  the  midpiece,  and  that  in  the  blood 
both  components  are  united  as  an  active  complement.  Prom 
the  fact  that  he  was  able  to  demonstrate,  by  the  fraction- 
ing  of  the  sera  of  many  animals,  that  the  midpiece  of  com- 
plemtent  is  alv/ays  present  while  it  is  the  endpiece  which 
is  the  variable  quantity,  Brauji  concluded  that  the  compo- 
nents are  not  combined  in  the  native  serum,  but  remain 
separate,   Gengou  (14)  also  drew  the  conclusion  from  his 
experiments  that  these  two  components  are  separate  in 
native  serum. 

Although  opinions  have  differed  as  to  v/hether 
or  not  the  components  of  complement  are  united  or  separated 
in  native  servim,  the  great  majority  of  workers  have  not 
questioned  the  possibility  of  splitting  coraplement  Into 
its  components.   However,  there  are  those  v/ho  maintain  that 
it  is  impossible  to  split  complem.ent.   Prominent  among 
these  are  Eronf enbrenner  and  IJoguchi  (4).   Tliey  carried 
out  their  experiments  using  the  HCl,  the  COg  and  the 
dialysis  methods.   They  concluded  that  complement  split- 
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ting  by  these  riethods  Is  real3.y  inactivation  of  the  whole 
coraplement  by  certain  acids  or  alkalis,  either  added  in 
the  free  state  to  the  servun  or  liberated  as  the  result  of 
the  dissociation  of  certain  electrolytes.   The  whole  com- 
plement and  not  a  part,  they  said,  is  present  in  the  end- 
piece  and  r.ay  be  demonstrated  by  the  removal  of  the  inlii- 
bitory  effect  of  the  acid  or  alkali.   The  midpiece  acti- 
vates the  endpiece  by  virtue  of  its  amphoteric  nature. 
Activation  may  also  be  brought  abou.t  by  the  addition  of 
other  amphoteric  substances,  such  as  egg  white  and  alanin. 
Liefmann  (23)  attempted  to  confirm  these  results,  but 
was  unable  to  do  so.   He  thought  that  they  were  due  to  in- 
com.plete  splitting  of  the  comiplemient . 

Kiss  maintains,  as  has  been  mentioned,  that  it 
is  impossible  to  split  complemient.   If  the  conditions  are 
ideal  all  of  the  complement  comes  down  with  the  precipi- 
tate v/hen  the  CO2  gas  is  passed  tlirough  the  serum.   But 
such  perfection  is  never  attained  and  therefore  comiplem.ent 
is  found  in  both  the  midpiece  and  the  endpiece,  although 
in  unequal  arcotints.   Ke  explains  the  difference  in  the  pro- 
perties of  these  tv;o  pieces  as  follows:    The  endpiece 
contains  the  complement  which  during  the  process  of  pre- 
cipitation is  dehydrated  and  not  comipletely  activated  by 
the  addition  of  sodium  chloride.   The  midpiece  contains 
the  coFiplement  which  comies  dovm  v/ith  the  globulin  preci- 
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pitate.   But  it  also  contains  an  inliibitini3  substance 
or  otherv/ise  its  properties  would  be  the  same  as  those 
of  the  endplece,   Tlie  action  v/hich  the  mldpiece  has  on 
the  endpiece  is  that  of  bringing  to  light  the  hidden  com- 
plement -  a  type  of  regeneration. 

In  spite  of  the  opinions  of  Kiss  and  Bronfen- 
brenner  and  lloguchi,  the  great  mass  of  evidence  seems  in 
favor  of  the  theory  that  it  is  possible  to  split  comple- 
ment.  Since  it  is  possible  to  remove  certain  substances 
from  the  comiplement  at  will,  making  it  entiz^ely  inactive, 
and  then  by  the  addition  of  certain  substances  and  not 
others  to  make  it  active  again,  it  appears  that  comple- 
ment is  not  one  single  substance,  but  is  made  up  of  sever- 
al components.   The  fact  that  in  the  complement  deficient 
guinea  pig  we  have  a  condition  in  which  a  component  has 
been  removed  by  nature,  is  greatly  in  favor  of  the  com^plex 
constitution  of  complement.  As  to  the  number  of  compo- 
nents of  which  complement  is  made  up,  no  definite  state- 
miCnt  can  be  made .   Probably  the  complementing  activity  of 
a  serum  is  due  to  the  interaction  of  a  number  of  factors 
intimiately  associated  with  the  protein  structixre  of  the 
semm.   Our  data  seem  to  indicate  that  at  least  three  fac- 
tors are  involved. 
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SlTTffilARY 

1.  Guinea  pig  coEiplement  was  split  into  two 
pieces  by  means  of  CO2.   The  hemolysis  resulting  from  a 
mixture  of  the  two  fractions  showed  a  loss  of  about  two- 
thirds  of  the  complement  activity.   The  results  of  ear- 
lier v/orkers  as  to  the  quantitative  relationships  of  the 
tv;o  pieces  and  the  modification  of  the  midpiece  when  stand- 
ing in  sodiiHii  chloride  were  confirmed.   Both  midpiece  and 
endpiece  v/ere  found  to  be  labile  at  55°C.  for  50  minutes. 

2.  Guinea  pig  complement  v/as  split  into  three 
pieces  by  means  of  (^114)220^  as  described  by  Browning 
and  I^ackie.   Our  results,  although  less  satisfactory 
quantitatively,  confirmed  those  of  the  above  workers. 

In  light  of  the  difficulties  encotmtered  this  difference 
is  probably  due  to  the  water  supplies  used  for  dialysis. 

3.  Attempts  v/ere  made  to  split  complement  into 
four  pieces  by  means  of  COg  and  (1TII^)2S0^  as  described  by 
Brovming  and  Mackie,  but  v/ith  no  success.   It  is  highly 
probable  that  the  v/ater  supply  affected  these  results, 

4.  Guinea  pig  complement  absorbed  with  yeast 
v/as  activated  by  both  the  midpiece  and  endpiece  from  CO2 
fractionlng,  but  more  consistently  and  to  a  greater  ex- 
tent by  the  former.   Heating  of  the  pieces  at  55°C.  for 
30  minutes  reduced  their  ability  to  reactivate.    Tlie  re- 
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activation  of  tlie  yeast  absorbed  seriim  by  Bieans  of  the 
three  pieces  from  the  (NH^)2S0^  splitting  shows  this  func- 
tion to  lie  entirely  in  the  pseudoglobulin  fraction.   It 
is  partially  destroyed  by  heating  at  56*^0.  for  30  minutes, 
due  to  its  isolated  condition. 

5.  Serurn  from  the  complement  deficient  guinea 
pig  was  alv/ays  activated  by  the  endpiece  from  the  COg 
splitting  in  high  dilutions,  and  by  the  midpiece  fre- 
quently, but  in  lower  dilutions.   Heating  at  55°C.  for 

30  minutes  destroyed  the  activating  ability  entirely.  The 
data  available  indicate  that  botli  the  pseudoglobulin  and 
the  albumin  from  the  (NH^)2S0^  splitting  V7ill  activate 
the  deficient  serun  to  a  small  extent,  but  a  mixture  of 
the  two  is  essential  for  the  most  satisfactory  activation, 

6 ,  The  component  removed  from  complement  by 
the  absorption  with  yeast  is  not  identical  witli  that  re- 
moved by  nature  in  the  complement  deficient  guinea  pig 
serum. 


The  writer  wishes  to  express  her  sincere  ap- 
preciation to  Dr.  Roscoe  R.  Hyde  for  the  constant  gui- 
dance and  valuable  suggestions  given  during  the  course 
of  this  work. 
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